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Abstract
Introduction Flexible intramedullary nails are com-
monly used for the treatment of diaphyseal femur frac-
tures in children. Although, their removal after
fracture healing is advocated by some, there are no
deWnitive studies to support the routine removal of
these implants. The purpose of this study is to deter-
mine the natural history of children with diaphyseal
fractures of the femur treated with Xexible intramedul-
lary nails and no scheduled nail removal.
Material and methods We performed a retrospective
case series of 24 consecutive children treated at our ter-
tiary pediatric referral center for closed diaphyseal
femur fractures. All children had intramedullary Wxa-
tion with Xexible titanium nails. The main outcomes
measured are fracture healing, incidence of hardware
removal, and pain assessment with the use of a follow-
up telephone questionnaire.
Results All the patients healed their fractures. The
average follow-up time was 3.6 years. A total of six
patients had removal of nails for any reason at an aver-
age of 15 months post-injury. The survivorship free of
revision due to persistent pain was 72% at 5 years of
follow-up. Twenty-two patients were reached by phone
for a Wnal follow-up questionnaire. There was no diVer-
ence in reports of residual symptoms of pain among
those who did have nails removed and those who did
not (P = 0.626).
Conclusions Among children with femur fractures
treated with Xexible intramedullary nailing without
scheduled implant removal, about a quarter may ulti-
mately require a second procedure for nail removal
due to persistent discomfort. Moreover, up to half of
patients can have residual non-debilitating pain at 2–
5 years post-injury regardless of presence or absence of
the implant. Whether this is a previously unrecognized
adverse outcome of this injury or treatment approach,
or due to routinely leaving nails in will have to be
assessed in future controlled trials.
Keywords Pediatric · Femur fracture · Titanium · 
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Introduction
Flexible intramedullary nailing is a common procedure
used to treat diaphyseal femur fractures in children
between the ages of 5 and 16 with excellent outcomes
reported [4–6, 8, 13, 15]. The main complication of this
procedure is pain and soft tissue irritation by the extra-
osseous portion of the nail tip at the nail insertion site
[7, 13, 14]. Several studies have been published detail-
ing the surgical technique, which has typically called
for nail removal upon fracture healing at 6 months to
1 year following surgery [5, 6].
In the absence of natural history studies to support
the routine removal of these implants after healing in
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institution where Xexible nails have been cut short and
not routinely removed in order to investigate the safety
of this approach. A deWnitive answer to this question
could only come from decades of follow-up, which is
not currently available given the relatively recent
mainstream adoption of this technique. Nevertheless,
this study was undertaken with the belief that early fol-
low-up data focused on symptoms of pain and func-
tional limitation and requirements for further surgery
at 1–5 years post-injury is of signiWcance in providing
evidence on nail retention as a treatment option for
children with these injuries. The purpose of this study
is to describe the natural history of treatment of pediat-
ric femur fractures with retention of Xexible intrame-
dullary nails as measured by need for further surgery
and residual symptoms.
Materials and methods
A retrospective study was performed of children
between the ages of 5 and 13 with closed diaphyseal
femur fractures treated at our tertiary pediatric referral
center between October 1999 and March 2004, under
approval from our institution’s committee on human
research. During this period, 48 children were treated
of which 37 (38 fractures) underwent internal Wxation
with Xexible intramedullary nails. Of the 11 excluded, 6
were less than 7 years of age and underwent spica cast-
ing and 5 were teenagers treated with rigid intramedul-
lary nails. Children with an underlying neuromuscular
disease (cerebral palsy or myelomeningocele), a meta-
bolic bone disorder, or pathologic fracture were also
excluded, as were those with less than 1 year of follow-
up. This left a consecutive series of 24 children (25 frac-
tures) for inclusion in this study.
Surgeries were performed by one of four full-time
fellowship trained pediatric orthopaedic faculty at our
institution. Synthes (West Chester, PA, USA) Xexible
titanium nails were used in all cases. Standard tech-
nique for implantation of titanium elastic nails was
used as described elsewhere [5, 6]. Implant size was
chosen by measuring 40% of the narrowest diameter of
the femoral diaphysis. Two to three titanium elastic
nails were placed in a retrograde fashion through the
distal part of the femur depending on fracture pattern
and stability. An attempt was made to cut all nails so
they would lie Xush against the femoral cortex, with no
more than 1–1.5 cm protruding from the bone, with the
intention that they would not be removed in all cases.
Pre-operatively and post-operatively all patients were
treated with IV and PO narcotics. No patient was dis-
charged without a Wlled prescription for oral pain
medications.
Post-operative management consisted of physical
therapy with touchdown weight bearing as soon as the
child was comfortable. Gentle knee exercises and
quadriceps strengthening were begun shortly thereaf-
ter with advancement to full weight bearing usually by
6 weeks. At each post-injury visit patients underwent
radiographic examination with assessment of align-
ment, callus formation, and the status of the implants.
Clinical examination included assessment of limb
lengths, strength, range of motion, alignment and rota-
tion, condition of the wound and skin, and pain.
Patients were followed clinically until the fracture had
healed and they had returned to full activity. Any com-
plication was recorded. Children with persistent symp-
toms of irritation at the nail insertion site beyond the
period of fracture healing were oVered nail removal
only after 6 months post-injury and the ability to bare
weight.
At the time of chart review for this study, an attempt
was made to locate all patients included in the study for
interview including those still following up in our clinic.
Twenty-two patients with 23 femoral fractures (92%
follow-up) were successfully contacted by phone for a
detailed follow-up questionnaire by a research nurse
who was not involved in clinical care of the patient and
blinded to the details of the child’s medical history.
Patients and a caregiver were asked questions regard-
ing the presence or absence of pain (scale from 1 to
10), incidence of further complications or requirement
of a second surgery to remove the nails, and any
changes in pain or functional status following a second
procedure (See Appendix).
Data analysis was undertaken using STATA ver-
sion 8.2 (College Station, TX). All statistics consid-
ered femora as the unit of analysis rather than
patients. The non-parametric Wilcoxon rank-sum test
was used to test diVerences in mean pain score and
the Fisher’s exact test was used to assess the associa-
tion between pain and whether or not the nails were
still in place at the time of the follow-up question-
naire as well as to assess multiple potential risk fac-
tors for nail removal including gender, age at time of
injury, number of rods used or fracture pattern. Sig-
niWcance was set at a P value less than 0.05. Any sig-
niWcantly associated predictors of nail removal in
bivariate analysis were entered in to a multivariate
logistic regression model. Kaplan–Meier survivorship
analysis was used to calculate survivorship. Failure
events were counted as requirement for nail removal
for any reason and for removal of nails due to persis-
tent pain or irritation.123
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Average age at fracture for the 24 children included in
this review was 9.2 years (range 6.5–13 years). There
were four girls and twenty boys in this series. Average
follow-up was 3.6 years (range 1.4–4.8 years). All frac-
tures were closed. All children healed their fractures
without need for any additional procedures. There
were no intra-operative complications, infections,
wound healing problems, or neurological injuries. No
patient ended up with angulation or length inequality
that exceeded acceptable published guidelines [12] and
there were no refractures. No patient was using medi-
cations for pain by the time the fracture had healed or
at their most recent follow-up. Individual patient data
is summarized in Table 1.
At the time of most recent follow-up or question-
naire, six of the twenty-four patients (7 of 25 fractures)
had undergone rod removal without complications.
Kaplan–Meier survivorship without nail removal for
any reason was 68% (95% CI 44–84%) at mean follow-
up of 35 months and at 5 years (Fig. 1). Figure 2a, b
shows a patient without hardware removal at 2.4 years
of follow-up. One of the rod removals was performed
at an outside facility at 1 year post-injury in a child who
was asymptomatic, all other were removed secondary
to persistent local symptoms of pain and irritation. Sur-
vivorship without nail removal for complaints of inser-
tion site irritation was 72% (95% CI 47–87%).
Average time of nail removal in those six patients was
1.26 year (0.6–2.75 years).
We were also interested in the presence or absence
of discomfort, and whether we could determine if this
discomfort was related to the removal of the implants.
Table 1 Individual patient data
Telephone questionnaire completed: yes or no, time to most recent clinic visit or telephone interview
MT middle third, PT proximal third, DT distal third























1 M 7.8 L Oblique MT 2 3 No No NA NA No 0 1.4
2 M 10.0 L Oblique MT 2 4.5 Yes No NA NA No 0 4.6
3 F 9.2 R Transverse MT 2 3.5 Yes No NA NA No 0 4.8
4 M 9.5 R Segmental PT 2 4 Yes No NA NA No 0 3.6
5 M 12.0 R Transverse MT 2 3.5 Yes No NA NA No 0 4.9
6 F 7.9 R Transverse MT 2 3 Yes No NA NA No 0 4.3
7 M 8.5 R Transverse MT 2 3 Yes No NA NA No 0 4.2
8 M 10.3 R Transverse PT 2 3 Yes No NA NA No 0 3.8
9 M 7.4 L Oblique DT 2 3 Yes No NA NA No 0 3.4
10 M 10.3 R Transverse MT 2 4 Yes Yes Pain 1.6 No 0 3.6
10 M 10.3 L Transverse DT 2 4 Yes Yes Pain 1.6 No 0 3.6
11 M 6.6 R Oblique MT 2 3 Yes Yes Pain 0.6 Yes 2 3.7
12 M 9.5 L Spiral MT 2 3.5 Yes No NA NA No 0 4.3
13 F 9.1 L Oblique MT 2 3.5 Yes Yes Pain 0.7 Yes 8.5 2.4
14 M 9.1 L Spiral MT 2 3.5 Yes Yes No pain 0.6 No 0 2.8
15 M 7.6 R Segmental PT 3 4 Yes No NA NA Yes 1 1.4
16 M 13.0 R Spiral PT 2 3.5 Yes Yes Pain 2.8 No 0 3.3
17 M 7.6 R Spiral PT 2 3 No No NA NA No 0 1.86
18 M 11.1 L Transverse PT 2 4 Yes No NA NA No 0 4.36
19 F 6.5 R Transverse DT 2 3 Yes No NA NA Yes 5 4.2
20 M 8.1 R Spiral MT 2 3 Yes No NA NA Yes 2 3
21 M 11.1 L Oblique PT 2 4 Yes No NA NA No 0 4
22 M 10.4 R Oblique MT 2 3.5 Yes Yes Pain 1 Yes 5 3.2
23 M 10.2 L Transverse MT 2 3.5 Yes No NA NA Yes 5 3.7
24 M 6.7 L Transverse MT 2 3 Yes No NA NA No 0 5.04
Fig. 1 Kaplan–Meier survivorship analysis illustrating time to
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tacted reported persistent painful symptoms with an
average pain score of 4.1 with no diVerence between
those who had their implants removed and those who
did not (P = 0.35). Most patients described their symp-
toms as “achy” occasionally causing a slight limp, but
not interfering with routine activities. Of the 22
patients that were contacted for detailed interview, six
had had their nails removed (seven femora). Of these
six patients, three reported continued thigh discomfort
even after nail removal (43% of femora). Of the 16
patients with rods in place, four reported thigh discom-
fort (25% of femora). This diVerence was not signiW-
cant (P = 0.626). All patients who had their rods
removed due to pain reported improvement in local
irritation following nail removal.
We were not able to accurately correlate the need
for nail removal and prominence of the tip of the nail
as assessed on routine radiographs due to the variable
angle at which the Wlms were taken and projection arti-
fact. Also, no signiWcant associations were found
between nail removal and gender, age at time of injury,
number of nails used or fracture pattern.
Discussion
We have reported a consecutive series of 24 school age
children (25 femora) who underwent internal Wxation
of a diaphyseal femur fracture with Xexible titanium
nails in whom no implant removal was planned. All
patients healed their fractures without incidence of sig-
niWcant malunion, length discrepancy, or refracture.
Seventy-two percent of patients did not require
removal of the nails due to pain, local irritation or
other complaints at an average follow-up of almost
3 years. Most children who did require hardware
removal underwent a second surgery between 1 and
2 years post-injury.
A surprising Wnding was the high prevalence of knee
and thigh pain as assessed by a follow-up telephone
interview at up to 5 years post-injury. Seven of twenty-
two children contacted for recent follow-up com-
plained of pain, regardless of whether the nails had
been removed or not. This occurred despite returning
to full activity and in the absence of other complaints
possibly suggesting an overly sensitive questionnaire
for these symptoms. It may also be that this high pro-
portion of patients with residual pain is due to retained
hardware in this cohort of patients. Whether or not
hardware retention or delay removal causes these
symptoms and how clinically signiWcant they actually
are can only be validly assessed with a controlled study.
Routine hardware removal in the pediatric popula-
tion has been questioned by Kahle and others due to
complication rates as high as 14% [10, 11]. In a recent
series by Luhmann [14] on complications associated
with the use of titanium elastic nails for pediatric femo-
ral shaft fractures, one of two major complications was
knee joint sepsis following hardware removal. In addi-
tion, other reasons for objection to hardware removal
in children are the second surgery with the attendant
discomfort, inconvenience, time oV school and work,
and temporary restriction from play.
Another downside to routine hardware removal is
the additional resources consumed. There is little data
in the literature looking at cost-eVectiveness of hard-
ware retention or removal following fracture Wxation
of long bones in children. In a study from Finland, data
on all orthopaedic operations performed during a
7 year period were collected at one institution and
removal of implants was found to account for nearly
Fig. 2 a, b AP and lateral 
X-ray of right femur from 
12 year old boy 2.4 years after 
implantation of Xexible nails 
for a mid-shaft fracture123
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tions [3]. The removal policy and practice of internal
Wxation devices vary between institutions but it can be
inferred that such surgeries consume hospital resources
and may potentially not be cost-eVective. In a study
looking at absorbable fracture Wxation devices that
obviate future implant removal, substantial cost-sav-
ings could be achieved depending on baseline rates of
hardware removal [2]. We did not assess cost in this
study and future prospective studies are needed to
accurately assess cost-eVectiveness.
The rationale for routine hardware removal includes
issues such as local irritation, stress shielding, growth
issues (acceleration, arrest), and diYculty should later
removal become necessary [1, 16]. Because this is a
weight-sharing device, there should be minimal stress
shielding. Moreover, refracture has only been reported
in cases where nails were prematurely removed [5, 7].
Physeal damage could be caused by the initial trauma
or potentially nail insertion, but provided the nails are
in the recommended location, there should be no
growth issues incurred by leaving the nails in place.
Finally, there is data suggesting that titanium implants
used in internal Wxation of long bone fractures can lead
to an immuno-inXammatory reaction [17]. The clinical
importance of such a reaction is unknown, though
patients should be given the best available data regard-
ing the possible bioactivity of the implants used. While
the question of removal of Xexible nails after pediatric
femur fractures remains controversial, no data exists to
show adverse consequences of their being left in place.
We Wnd the main concern with hardware retention
to be later diYculty removing the nails should the
patient suVer a second femur fracture. This would
indeed present some challenge, as the Xexible nails
would need to be removed to allow placement of a
rigid femoral nail. While femur fractures are one of the
most common long bone fractures in children, they are
rare overall with reported incidence in the United
States of 19.15 per 100,000, varying signiWcantly with
age, gender and race [9]. This puts the risk to any one
individual at 1:5,000, and if considered independently,
the risk of a second femur fracture would be far lower.
SpeciWc study of the risk of a second femur fracture has
not been reported to our knowledge in children or
adults and is diYcult to estimate accurately. Decision
analysis or cost-eVectiveness analysis may be a useful
tool in informing decision making in the future.
This study has several limitations including lack of a
control group, incomplete follow-up on telephone sur-
veys, and small sample size making it diYcult to assess
for potential risk factors for nail removal and other
chronic symptoms. This is a descriptive study of the
experience at one pediatric referral center undergoing
a single treatment strategy. Inference as to the superi-
ority of this versus other strategies cannot be made
without a control group. In the future, a multicenter
prospective controlled observational study or random-
ized trial will be needed to more validly answer ques-
tions raised here about routine nail removal following
operative Wxation of pediatric femur fractures. Still,
this case series is the Wrst to our knowledge to report
the early results of nail retention as an alternative to
uniform removal and provides important information
for future studies that compare these two treatment
options.
Conclusions
We have described the early natural history of retained
Xexible intramedullary nails following the treatment of
pediatric femoral shaft fractures. We have found that
by cutting the nails Xush to lie against the metaphyseal
Xare of the femoral condyle, nail removal is unneces-
sary in over 70% of our patients. We suggest this strat-
egy as an alternative to routine rod removal following
Xexible intramedullary nailing for femur fractures in
the pediatric population in order to avoid the inconve-
nience to patients and potential complications of a sec-
ond surgical procedure. Further research will be
necessary to corroborate or refute this practice and the
relative risk of symptoms of pain compared to patients
who undergo routine nail removal.
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Appendix: Telephone-based questionnaire
1. Does your child have pain now in the operated leg?
Yes or No
2. If your child currently has pain, please rate it on a
scale from 0 (no pain) to 10 (worst pain imagin-
able).
3. If your child currently has pain, is his or her pain
located in the knee, surgical site, thigh, or some-
where else?
4. Does your child’s operated leg appear diVerent in
strength compared with the other leg?
Yes or No123
514 Arch Orthop Trauma Surg (2007) 127:509–5145. Did your child require any further surgery on that
leg after the implants were placed?
Yes or No
A. If yes, when?
B. If yes, what?
C. If yes, why?
6. If the nails were removed, did your child’s symp-
toms improve following this additional procedure?
Yes or No
7. Are there any other problems or limitations associ-
ated with the broken leg?
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